An assessment is made of the hazards to man from parasites of laboratory animals. The chief danger arises from gastrointestinal helminths and protozoa of primates and tapeworms of rodents and prevention of infection depends on the adoption of normal hygienic measures for disposal of the faeces and bedding of experimental animals. Simian malaria constitutes a possible danger in those parts of the world where suitable vectors exist and in these areas the screening of animal houses against mosquitoes is necessary. Many ectoparasites of laboratory animals are capable of establishing themselves on human beings but their tenure is usually short. Infestation of man can be prevented only by control of the ectoparasites in the laboratory animals and this is desirable for the welfare of the animals themselves. The possibility of human infection with the parasites of laboratory animals can be greatly reduced by a period of quarantine immediately following arrival, during which examination is made for the presence of parasites and appropriate treatment given to remove any found to be pres~nt.
SUMMARY
An assessment is made of the hazards to man from parasites of laboratory animals. The chief danger arises from gastrointestinal helminths and protozoa of primates and tapeworms of rodents and prevention of infection depends on the adoption of normal hygienic measures for disposal of the faeces and bedding of experimental animals. Simian malaria constitutes a possible danger in those parts of the world where suitable vectors exist and in these areas the screening of animal houses against mosquitoes is necessary. Many ectoparasites of laboratory animals are capable of establishing themselves on human beings but their tenure is usually short. Infestation of man can be prevented only by control of the ectoparasites in the laboratory animals and this is desirable for the welfare of the animals themselves. The possibility of human infection with the parasites of laboratory animals can be greatly reduced by a period of quarantine immediately following arrival, during which examination is made for the presence of parasites and appropriate treatment given to remove any found to be pres~nt.
A survey carried out at 5000 laboratories in the United States by Sulkin & Pike (1951) revealed 1342 infections that had been acquired in the laboratory but circumstances connected with the survey suggest that only part of the total was revealed. Thirty-nine were parasitic infections, the rest being bacterial, viral or rickettsial in origin.
Of the parasitic infections, 18 were amoebiasis; none of these could be definitely proved to have been acquired in the laboratory, although 11 were probably, and seven were possibly, acquired there. There were nine cases of malaria of which four were definitely acquired in the laboratory, three probably and two possibly.
The other 12 cases were caused by various helminths and protozoa.
Four of these cases were definitely of laboratory origin, four of probable laboratory origin and four were possibly acquired there. Thirty-seven of the total occurred in trained scientific personnel.
Nine bf these were the result of accidents, of which the most common was the bite of an animal or ectoparasite, five were acquired by contact with infected animals or ectoparasites, 17 from clinical specimens, six by working with the agent, one by airborne infection and the final case was of unknown origin. The number of parasitic infections known to have been acquired in the laboratory is small and few, if any, have been acquired from laboratory animals. It is nevertheless important to know the hazards involved in handling laboratory animals and an endeavour is made in this paper to analyse them.
Clearly workers handling parasites such as Trichinella spiralis, Echinococcus granulosus, Leishmania and other organisms which are pathogenic to man will realise the hazard involved and will take appropriate steps to protect themselves and their assistants from accidental infection. In this paper, parasitic infections of this type will not be dealt with but those natural parasites of laboratory animals which are potentially pathogenic to man will be considered. A wide range of animals is used in different laboratories but the discussion here will be limited to parasites of laboratory rodents, laboratory primates, dogs and cats which are transmissible to man. PROTOZOAN 
INFECTIONS
Infections in laboratory primates constitute the main hazard to laboratory workers. Three diseases are of importance namely amoebiasis, balantidiasis and malaria.
Entamoeba histolytica inhabits the intestine of man and may cause a condition ranging in severity from acute dysentery to no noticeable ill effects. Dogs, cats, rodents and monkeys have all been experimentally infected with the organism from man. Parasites which resemble E. histolytica are found in apes and monkeys and Dobell (1931) concluded that these parasites were identical with E. histolytica of man. Later, Dobell (1936) concluded that the non-pathogenic Entamoeba coli of man and similar organisms in monkeys were probably identical. It is apparent, therefore, that the amoebae of primates constitute a potential hazard fo laboratory workers.
Balantidium coli is common in the pig but rarely occurs in man. This intestinal ciliate has been recorded in many species of monkey and ape and a recent report by Young, Fremming, Benson & Harris (1957) recorded an incidence of 10.5 per cent in 200 monkeys imported from Il!tIia to an American laboratory. There is probably only a slight risk of man acquiring infection from laboratory animals.
The presence of Entamoeba sp. and Balantidium coli in primates may be determined by examination of a faecal sample for the presence of cysts. A smear, prepared by mixing a fleck of faeces with saline, may be examined unstained or stained with D' Antoni's iodine solution, or the cysts may be concentrated by the zinc sulphate flotation technique and then stained with the iodine solution before examination. Transmission of infection is by faecal contamination of food and water, so that hygiene is of paramount importance, not only in preventing infection in attendants but also in avoiding the transmission of infection amongst experimental animals. Faeces are best sterilised by heat treatment before disposal. The cysts are unable to survive drying, so infection is unlikely to be transmitted in air currents or through air conditioning units.
Evidence that simian malaria is transmissible to man was provided as long ago as 1932 by Knowles & Das Gupta, who produced infection in man by the experimental inoculation of Plasmodium knowlesi, an organism which is highly pathogenic for the rhesus monkey.
Eyles, Coatney & Getz (1960) first reported the accidental transmission of malaria from monkey to man. The malarial parasite Plasmodium cynomolgi bastianellii was transmitted to two human subjects in the course of work in which they were exposed to the vector Anopheles freeborni.
Further experimental studies by several groups of workers have confirmed the susceptibility of man to P.c. bastianel/ii. Bray (1963) lists 15 species of malarial parasite found in primates and it is possible that a number of these may be transmissible to man. The disease produced by accidental or experimental transmission was not severe and the experimental infections produced by Eyles et al. (1960) were successfully terminated by treatment with chloroquine.
The Ministry of Health memorandum on mosquitoes (1962) states that in Great Britain only two species of mosquito are likely to transmit malaria, namely Anopheles labranchiae spp. atroparvus and A. maculipennis spp. messeae. The first of these feeds readily on man and also on domestic animals whilst the second prefers domestic animals and only feeds on man in their absence. It is possible, therefore, thal A. atroparvus may serve as a vector for the transmission of simian malaria to man in animal houses and laboratories and suitable screening to exclude mosquitoes from animal houses containing primates is advisable.
In countries where known vectors of simian malaria are indigenous, mosquito screening of animal houses is essential for the safety of staff.
HELMINTH INFECTIONS

Nematodes
There are a number of nematode infections of primates which are known to be transmissible to man or which are probably transmissible.
Oesophagostomun apiostomum is a common parasi1e of monkeys in West Africa and it has also been recovered from man in Nigeria and also in East Africa. The parasite may produce serious disease in monkeys and has been responsible (or deaths in labora~ory monkeys. In man it may cause granulomatous lesions of the large bowel that have been mistaken for carcinomas. The human hookworms Ancylostoma duodena Ie and Necator americanus have been found in monkeys by Young et al. (1957) and Dollfus & Chabaud (1955) , but they seem to be uncommon.
On the other hand, nematodes of the genus Strongyloides are commonly found in primates. Habermann & Williams (1957) (1957) found 27 per cent of 492 M. mulatta to be infected. There is considerable disagreement as to whether S. stercoralis occurs in monkeys and apes; many workers consider the simian parasite to be S. fulleborni and several other specific names have been proposed. Desportes (1945) found a species of Strongyloides in a chimpanzee morphologically like S. stercoralis and infective to man, the dog and the cat. This is perhaps the most convincing evidence of the occurrence of S. stercoralis in the lower animals. Other reports are less satisfactory and other attempts to infect man with species resembling S. stercoralis have resulted either in transient infection, or have failed to produce patent infection (Augustine, 1940 Sandground (1925) and Tomita (1940) .
The species of whipworm in monkeys and apes is probably identical with that in man and is probably transmissible to man. Trichuriasis is not regarded as a serious disease in monkeys and apes although Weinberg (1907) attributed the deaths of two monkeys and a chimpanzee to bacterial infections secondary to Trichuris sp. infection. Enterobius vermicularis has been found in captive apes, gibbons and marmosets by Sandosham (1950) and various species of pinworm have been found as natural parasites in apes and monkeys. The human pinworm E. vermicularis has not been recorded in wild monkeys or apes but there is a clear possibility of a man-monkey-man transmission and it is likely that transmission of simian strains to man is possible. Ascaris lumbricoides is rarely seen in monkeys and Augustine (1939) demonstrated that neither the human nor the pig strain of A. lumbricoides could easily be transmitted to monkeys. Anthropoid apes may be more susceptible and Pillars (1924) records a fatal case in the chimpanzee.
The ascarid worms of dogs, and to a less extent those of cats, are the causal agents of the condition known as visceral larva migrans in man. The disease is caused by swallowing infective eggs of Toxocara spp. and where dogs and cats are kept for laboratory purposes there is a potential danger of infection.
Diagnosis
Diagnosis of the presence of the several types of nematode mentioned in this section depends on the recovery and identification of their eggs in the faeces. Any of the standard egg counting methods or concentration techniques employed in helminthological laboratories is suitable, but for routine purposes the salt flotation technique or McMaster egg counting technique is satisfactory.
More detailed information on the worm burden may be obtained by post-mortem examination of representative animals and identification of the worms recovered.
Control
The acquisition of infection by man depends on the ingestion of, or contact with, infective stages derived from eggs or larvae passed in the faeces of laboratory animals.
The infective stage is not reached for some two to seven days according to species and depending on environmental conditions. If, therefore, animals are cleaned out daily and faeces are properly disposed of the danger to attendants is negligible. The greatest danger arises with Strongyloides sp., the larvae of which reach (he infective stage in 48 hours. Any carelessness in cleaning out cages can result in the presence of larvae infective to man and as the infective larvae are skin penetrators, attendants should wear rubber gloves when cleaning out primates.
Faeces and bedding should be sterilised before disposal or, better, should be incinerated. The use of wire floored cages will greatly facilitate the disposal of faeces but droppings trays from the cages of primates should be sterilised daily after cleaning in order to remove the danger of infection with Strongyloides sp. Cages should be sterilised periodically.
The possibility of the accidental acquisition of helminth infection by attendants can be reduced by anthelmintic treatmen; of the animals and this will usually be of benefit to the animals themselves.
When animals are intended for toxicity studies there may be an objection to their treatment with other drugs before they are placed under experiment.
In these circumstances the presence of parasites must be tolerated and the prevention of human infection must depend on good hygiene. Heavily parasitized stock is unsuitable for any reliable experiments, and should be replaced with healthy animals kept in hygienic laboratory conditions. Unfortunately very little work has been carried out on the anthelmintic treatment of laboratory animals, particularly on primates which are the principle source of human infection. Bingham & Rabstein (1964) have shown that oral doses of thiabendazole at the rate of 100 mg per kg will effectively remove Strongyloides sp. and Oesophagostomum sp. from rhesus monkeys.
Franz, Schneider & Pohlman (1965) gave thiabendazole at a dose rate of 25-30 mg per kg twice daily for three days and found it to be effective against Ascaris sp., Strongyloides sp. and hookworms, but not against Trichuris sp. By analogy with human medicine, other drugs likely to be effective in primates are bephenium hydroxynaphthoate for hookworms, pyrvinium pamoate for Enterobius sp. and the piperazine compounds for ascarids and Enterobius sp. It has not been possible, however, to trace reports of any tests with these compounds in primates.
Puppies are an important source of infection of Toxocara sp., the cause ot' visceral larva migrans in man. They should be treated with a piperazine salt at 14, 21 and 28 days after birth. Dogs purchased at 3-6 months of age should be treated twice, with an interval of one week between treatments.
Cestodes
The most important cestode of laboratory animals which is of danger to man is Hymenolepis nana, a tapeworm of laboratory rodents. Hymenolepis diminuta is also a parasite of rats but its eggs are infective only to arthropods which must be ingested by the definitive host. Although it will infect man it is a rare parasite. Both species have been found in monkeys so that these as well as rodents may be a source of infection to man.
Diagnosis and control
The presence of tapeworms is diagnosed by faecal examination by methods described above for nematode infections. Human infection derived from animals is prevented by hygienic measures similar to those detailed for the control of nematode infections. The infection in experimental animals may be removed by the use of taeniacides and probably the best is N-(2-chloro-4-nitrophenyl)-5-chlorosalicylamide (yomesan). Gannert & Schraufstiitter (1960) showed that 100 mg per kg was 100 per cent effective for the removal of Hymenolepis diminuta from rats. A dose of 50 mg per kg resulted in the removal of tape-worms from 50 per cent of treated rats.
Trematodes
A number of trematodes are knownto infect laboratory animals, particularly primates, but the requirements of an intermediate host in the life cycle effectively removes any danger of human infection being acquired directly from laboratory animals.
ARTHROPOD INFECTIONS
Mites
Yunker (1964) in reviewing the dangers to man of the ectoparasites of labor atory animals lists seven species of mite found in laboratory animals which are capable of transmitting organisms pathogenic to man and 19 species associated with laboratory animals, their food and litter which are capable of causing dermatitis in man. Sarcoptes scabei, the scabies mite of man, will infest primates but it is not common in nature. There are records of the transmission of scabies to man from primates but usually the disease is mild. Cats, dogs and rabbits harbour the mite Notoedres cati which causes transient dermatitis in man.
Control
Treatment of scabies in monkeys and other laboratory animals is recommended to reduce the risk of infestation in attendants. Benzyl benzoate is effective in monkeys, and malathion is recommended for cats. Benzene hexachloride has been used successfully in rodents.
Fleas and Bugs
The dog and cat fleas Ctenocephalides canis and C. felis will bite human beings, although they do not live long on the abnormal host. The stickfast flea Echidnophagia gallinacea, a parasite of poultry, will attack man but generally infestations die out quickly. The bed bug, Cimex lectularis sometimes becomes eSfablished in animal houses. Its nocturnal habits make it unlikely that attendants will acquire infestation from animal houses but the transfer of bed bugs to human habitation is always possible.
Control
Animals affected with fleas can be dusted with malathion or other suitable insecticide. Since fleas spend considerable time off the host it is important to treat the sleeping quarters, bedding and yards. For this purpose pyrethrum, rotenone or sevin are suitable. D.D.T. (5 per cent) will control bedbugs and for this purpose should be sprayed over cracks and crevices where the bugs are likely to run.
DISCUSSION
From this short review it is clear that laboratory primates are the most likely source of parasitic infections which are transmissible to man. The majority of these faecal borne helminth or protozoan infections which are easily controlled by normal hygienic procedures including the use of adequate protective clothing by attendants. It is, however, important to see that animal attendants appreciate the dangers involved and that they are sufficiently reliable to carry out the necessary procedures regularly and carefully. The dangers to animal attendants can be greatly diminished by proper quarantine arrangements for new stock. Immediately after delivery a faecal examination should be made to ascertain whether gastro-intestinal parasites are present. The animals should also be examined for the presence of ectoparasites. In the light of the results of fhese examinations appropriate treatment should be carried out before the animals are passed on to the stock from which experimental groups are drawn. The danger of contracting serious parasitism from laboratory animals is not great for workers and attendants with normal hygienic habits and can be reduced to neglible proportions by the simple measures outlined. There is a tendency, nowadays, to introduce additional species to the laboratory and these may bring with at SAGE Publications on June 22, 2016 lan.sagepub.com Downloaded from them parasites more dangerous than those in animals at present used in laboratories. This matter should be given consideration whenever an additional species is added to the present range of experimental animals.
